hromboembolism of the main pulmonary arteries (pulmonary trunk and its proximal branches) may be acute, causing cardiopulmonary shock, or it may manifest itself as chronic pulmonary hypertension. 1 There have been numerous case reports on this disorder. [2] [3] [4] [5] [6] [7] Although most cases of pulmonary artery (PA) thrombosis are embolic in nature, in situ thrombosis has also been suggested. 8 Because pulmonary thrombi are expected to dissolve completely by intrinsic fibrinolysis, the pathogenesis of chronic, large thrombi in the main PAs is unclear. Here, we report a case of a chronic, massive thrombus in the right main PA in a patient who had undergone surgical repair of an atrial septal defect. We also examined blood flow characteristics in the main PA with Doppler echocardiography to obtain an insight into the pathogenesis of the thrombus.
Case Report
A 54-year-old woman, complaining of exertional dyspnea, was seen in July 1996. She had undergone surgical repair of an ostium secundum atrial septal defect at the age of 38 and total hysterectomy for myoma at the age of 46. She was a short, well-nourished woman in no respiratory distress at rest, with a blood pressure of 120/84 mmHg and a heart rate of 84 /min. Cardiac auscultation revealed an accentuated pulmonary component of the second heart sound, a grade 2/6 systolic murmur at the second intercostal space, and a grade 2/6 holosystolic murmur at the fifth intercostal space over the left parasternal border. Chest radiography revaled cardiomegaly and markedly dilated PAs. ECG revealed right ventricular hypertrophy.
The blood cell count revealed a hematocrit of 41%, a white cell count of 3400 /mm 3 and a platelet count of 10.5×10 4 /mm 3 . The plasma prothrombin activity was 68%.
Values of protein S, protein C, antithrombin III, and anticardiolipin antibody were within the normal limits. Multiplane transesophageal echocardiography (TEE) revealed markedly dilated right and left PAs (46 mm and 48 mm at maximum diameter) and a non-occlusive thrombus (3×7 cm) with a homogeneous ultrasonic characteristic attached to the posterior wall of the right PA (Fig 1) . A computerized tomographic (CT) scan revealed a large thrombus in the right PA and no thrombus in the left PA. A pulmonary perfusion scan showed no significant defects. A right heart catheterization showed a mean PA pressure of 33 mmHg, a mean pulmonary capillary wedge pressure of 11 mmHg, a mean right atrial pressure of 10 mmHg, and a pulmonary vascular resistance of 433 dyne s -1 cm 5 . The systolic pressure gradient was not noted between the right ventricle and the PA. Pulmonary angiography showed markedly dilated PAs with no significant flow obstruction. Venous Doppler studies of the lower extremities were negative. Transthoracic color flow imaging using a commercially available system (Aloka SSD-2200) revealed a prominent red signal along the right border of the dilated main PA (Fig 2, left) . Pulsed Doppler examination with a sample volume in the red signal demonstrated that it was caused by flow reversal, which occurred immediately after the systolic flow, with its velocity peaking in late systole, and persisted throughout diastole (Fig 2, right) . Decreased forward velocity and persistent flow reversal were observed in the proximal right PA. Just proximal to the thrombus, marked reductions in forward and reverse flow velocities suggested flow stasis (Fig 3) . In contrast, the flow at the proximal left PA was predominantly forward with a peak velocity of 36 cm/s (Fig 4) .
Warfarin, ticlopidine and diltiazem were prescribed, with a gradual improvement in the symptoms. However, repeat TEE studies performed 6 and 12 months later revealed no significant change in the size of the thrombus.
Discussion
Echocardiographic and CT data in this case suggest a chronic PA thrombus that has become resistant to anticoagulation. Chronic left-to-right shunting most likely caused the marked dilatation of the PAs, which persisted after the surgical repair of the atrial septal defect. It is unclear whether the thrombus formed in situ or had embolized from leg veins. In either case, blood flow stasis in the markedly dilated PAs had probably contributed to PA thrombosis. However, persistence of a large mural thrombus in the right PA suggests the presence of a localized factor. In this respect, it is noteworthy that the Doppler echocardiographic examination demonstrated prominent flow reversal along the right PA border.
When echocardiographically visualized in a left parasternal short-axis view, the right ventricular outflow tract and the main PA form a curved tube on the left side of the aorta. According to the physics of blood flow in a curved tube, it would be expected that the primary axial velocities of systolic flow would be directed toward the left PA border. Slower moving blood cells located in the main PA during diastole would be forced back toward the right border, resulting in a helical motion of systolic flow, ie, the socalled secondary flow. 9 Therefore, the flow reversal observed in our patient may represent this secondary flow, which probably caused a reduction in forward flow velocity in the right PA. Sung and Yoganathan, using an in vitro PA model, observed that secondary flow was much stronger in the right PA than in the left PA, and attributed this to the different bifurcation angles of the right and left PAs. 10 If their finding can be extrapolated to physiological hemodynamics, prominent secondary flow could disrupt the endothelial integrity and contribute to in situ thrombogenesis. The exact cause of thrombus formation in this case remains unclear. However, we speculate that both secondary flow and flow stasis have been thrombogenic in this case.
Most case reports on main PA thrombi have focused on the diagnosis 2-4 and treatment [5] [6] [7] of this condition. Rittoo et al reported the case of a patient with a thrombus in the right PA after surgical closure of an atrial septal defect, as in our case. 3 However, to our knowledge, the relationship between thrombus formation and flow characteristics has not been previously studied. Wittlich et al performed transesophageal echocardiography in 60 patients with severe pulmonary embolism and pulmonary hypertension. 2 They detected main PA thrombi much more frequently in the right PA than in the left (26 compared with 3), which could be partly attributable to relatively poor visualization of the left PA by transesophageal approach. However, the findings in our case suggest that secondary flow may predispose a floating thrombus to embolize in the right PA.
